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MelonAbstract Fungi of the Fusarium oxysporum are widely distributed around the world in all types of
soils, and they are all anamorphic species. In order to investigate the relationships and differences
among Fusarium spp., 25 Fusarium spp. were isolated from greenhouse melon soils in Liaoning
Province, China. With these 25 strains, three positive control Fusarium strains were analyzed using
universally primed PCR (UP-PCR). Seventy-three bands appeared after ampliﬁcation using 6 prim-
ers, and 66 of these bands (90.4%) were polymorphic. All strains were clustered into eight groups,
though 14 strains of F. oxysporum were clustered into a single group. We concluded that UP-PCR
could reveal the genetic relationships and differences among Fusarium strains. Moreover, the UP-
PCR results suggested that F. oxysporum is distinguishable from other Fusarium spp. Thus, UP-
PCR is a useful method for Fusarium classiﬁcation. The pathogenicity of 13 strains of F. oxysporum
to muskmelon, cucumber and watermelon seedlings was studied by infecting the seedlings with a
spore suspension after cutting the root. The results showed that the F. oxysporum strains were path-
ogenic to all three melon types, although the pathogenicity differed signiﬁcantly among the 13
strains. In addition, all strains had the greatest pathogenicity toward watermelon. Since the factors
affecting pathogenicity vary widely, they should be considered in future studies on Fusarium spp.
The results of such studies may then yield an accurate description of the pathogenicity of
Fusarium spp.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
The fungal Fusarium spp. is widely distributed worldwide in all
types of soils. It is an anamorphic species that shows consider-
able morphological and physiological variation (Elias and
Schneider, 1992; Gordon and Martyn, 1997; Alves-Santos
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ease in various plants, including many common commercial
crops, which can result in large economic losses. Pathogens
causing root and crown rot, wilt, and damping-off are major
yield-limiting factors in the production of food, ﬁber, and
ornamental crops. For these reasons, Fusarium spp. has
received considerable attention from plant pathologists
(Weller et al., 2002).
Fusarium has the ability to cause disease in a particular host
or group of host plants. Its pathogenic strains can show a high
level of host speciﬁcity and have been classiﬁed into formae
speciales (Armstrong and Armstrong, 1981). Initially, a molec-
ular-systematics based method to identify the species of Fusar-
ium was introduced by Guadet (Guadet et al., 1989). Now,
there are several molecular techniques available for the study
of Fusarium phylogeny, including internal transcribed spacer
(ITS), intergenic spacer (IGS), elongation factor-1alpha (EF-
1a) and b-tubulin (tub1) (Edel et al., 2001; Mirete et al.,
2004; Yli-Mattila et al., 2004). In addition, universally primed
polymerase chain reaction (UP-PCR) hybridization analysis,
has been successfully used to analyze the phylogeny of Fusar-
ium, Rhizoctonia, Verticillium, and Trichoderma species (Bulat
et al., 1998; Lubeck and Poulsen, 2001; Lubeck et al., 2004;
Yli-Mattila et al., 2004; Mitina et al., 2008).
Much genetic diversity has been reported on pathogenic
populations with many researchers investigating the possible
correlation between pathotypes and genotypes (Koenig et al.,
1997; Nelson et al., 1997; Vakalounaki and Fragkiadakis,
1999). These studies have revealed a diversity of pathogenic
populations. However, many strains obtained from soil are
considered non-pathogenic since they do not cause disease inTable 1 Strains of Fusarium spp. used in this study.
No. Species I
1 F. solani B
2 F. equiseti B
3 F. oxysporum D
4 F. verticillioides H
5 F. fujikuroi F
6 F. solani L
7 F. semitectum L
8 F. culmorum S
9 F. oxysporum S
10 F. pseudonygamai S
11 F. proliferatum T
12 F. proliferatum T
13 F. proliferatum X
14 F. acuminatum X
15 F. oxysporum Y
16 F. oxysporum F
17 F. graminearum F
18 F. oxysporum S
19 F. culmorum F
20 F. oxysporum D
21 F. oxysporum S
22 F. oxysporum H
23 F. oxysporum L
24 F. oxysporum B
25 F. oxysporum H
26 F. oxysporum Y
27 F. oxysporum S
28 F. oxysporum Lany known hosts. The diversity and pathogenicity of these
strains are rarely reported, although they are ubiquitous
(Gordon and Okamoto, 1992; Edel et al., 1997b).
Greenhouse vegetable production is a signiﬁcant component
of the agricultural system inLiaoningprovince, and the area that
is devoted to greenhouse vegetable production is approximately
333,000 m2, of which cucumber (Cucumis sativus Linn), musk-
melon (Cucumis melo), and watermelon (Citrullus lanatus) are
dominant. In such greenhouse crops, the effects of Fusariumwilt
are serious, which is caused by Fusarium oxysporum. In recent
decades, most reports related to Fusarium spp. have focused
on fungi from diseased plants (Yang et al., 2007); few have
examined Fusarium spp. from soil.
In this study, Fusarium spp. strains collected from
greenhouse soils in Liaoning Province were analyzed using
UP-PCR in order to understand their genetic relationships.
Further, the pathogenicity of F. oxysporum was evaluated.2. Materials and methods
2.1. Fungal isolates
25 strains were isolated from soil in which melons have been
grown collected from different areas in Liaoning Province,
China (Table 1). With these 25 strains, there are three positive
control Fusarium strains from Univ Copenhagen Denmark.
For Fusarium isolation, all soil samples were air-dried and
passed through a 200-lm sieve. For each sample, four subsam-
ples (approximately 10 mg each) were spread over Komada’s
Fusarium-selective medium (Komada, 1976) and incubatedsolate number Geographic sequences origin
Z070007 Beining
Z070008 Beining
L070009 Shenyangdongling
C070001 Haicheng
K070205 Shengyangfaku
Z070001 Shenyangliaozhong
Z070405 Shenyangliaozhong
Q070108 Dashiqiao
Q070204 Dashiqiao
Q070223 Dashiqiao
L070003 Tieling
L070007 Tieling
M060107 Shengyangxinmin
M060202 Shengyangxinmin
H070403 Shenyangyuhong
O3 Univ Copenhagen Denmark
g pH1 Univ Copenhagen Denmark
Q070102 Dashiqiao
c2925 Univ Copenhagen Denmark
L070105 Shenyangdongling
Q070203 Dashiqiao
C070304 Haicheng
Z070105 Shenyangliaozhong
Z070002 Beining
C071303 Haicheng
H070502 Shenyangyuhong
Q070110 Dashiqiao
Z070103 Shenyangliaozhong
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Figure 1 UP-PCR banding proﬁles for Fusarium strains. Proﬁles
were created by using six different primers: 3–1 (a), 3–2 (b), AS4
(c), AS15 (d), AS15inv (e), and HE45 (f).
376 B. Zhao et al.under ﬂuorescent light at room temperature for 7 days. Fusar-
ium colonies were identiﬁed on the basis of their cultural char-
acteristics and transferred to potato dextrose agar (PDA)
plates. Species identiﬁcation was conﬁrmed by using either
microscopic morphological characteristics (Nelson et al.,
1983) or a molecular method (Edel et al., 1997a). All the
Fusarium isolates were cryopreserved at 80 C.
2.2. DNA extraction and UP-PCR conditions
Rapid extraction of fungal DNA for PCR ampliﬁcation was
conducted as described previously (Cenis, 1992; Lu et al.,
2004). The obtained DNA solution was prepared and stored
as described by Lu et al. (2004). PCR (Thermo Hybaiel) was
conducted in a 20-lL reaction volume. Each reaction mixture
contained 2 lL 10· buffer with MgCl2, 0.5 lL 10 mM dNTPs,
2 lL of 10 mMUP-PCR primer, 2 units of TaqDNA polymer-
ase (TaKaRa Taq), and 2 lL of DNA template (50–100 ng),
and the volume was made up to 20 lL with double-distilled
sterile water. PCR was performed using the following steps:
94 C for 3 min, 30 cycles of 92 C for 50 s, 56 C for 90 s,
and 72 C for 60 s, and a ﬁnal extension step of 72 C
for 3 min. Six universal primers were used: 3–1
(TAAGGTGGCGGCCAGT) (Bulat et al., 1992), 3–2 (TAAG
GG CGGTGCCAGT) (Bulat et al., 2000), AS4
(TGTGGGCGCTCGACAC) (Lubeck et al., 1998), AS15
(GGCTAAG CGGTCGTTAC) (Bualt et al., 1994), AS15inv
(CATTGC-TGGCGAATCGG) (Bulat et al., 2000), and
HE45 (GTAAAACGAGGCCAGT) (Yli-Mattila et al.,
2004). Ampliﬁcation products were electrophoresed on 1.2%
agarose gels to determine product size and purity. A DL2000
DNA ladder (TaKaRa Japan) was included in each gel as a
molecular size standard.
2.3. Analysis of UP-PCR data
During image analysis, all bands of each strain were binary
encoded as either ‘‘0’’ (band absent) or ‘‘1’’ (band present).
The data were analyzed using the computer program
NTSYSpc (Rohlf, 1993) and the unweighted pair group
method with arithmetic mean (UPGMA) (Sneath and Sokal,
1973). The reliability of the branching pattern of the obtained
trees was explored by using a bootstrapping procedure with
100 replicates.
2.4. Pathogenicity test
Pathogenicities of 13 F. oxysporum strains (Table 1, but No.
16) were evaluated by inoculating the strains into cucumber,
muskmelon, and watermelon, respectively. For the inocula,
conidial suspensions of F. oxysporum were obtained from
2 week-old cultures. A mycelial plug from a sub-cultured
monoculture of each of the 13 strains was transferred to potato
dextrose (PD) broth and incubated at 26 C on a rotary shaker
at 120 rpm. After 7 days, mycelia with spores and broth were
ﬁltered through four layers of sterilized gauze to remove the
hyphae. Subsequently, spore concentration was adjusted to
approximately 107 conidia mL1 by using a hemocytometer.
In order to investigate the pathogenicity test, selected
healthy seedlings of cucumber, muskmelon and watermelon
were obtained from seeds cultivated in sterile soil. Seedlingswere inoculated during the cotyledon and three-true-leaf
stages. For inoculation, a ditch in the soil, about 3 cm, was cre-
ated near the seedlings and guarantee the root cutting by using
a scalpel. Near each seedling, 10 mL of the spore suspension
was poured into the soil ditch. Replication was carried out
10 times, and each variety had a water control.
Symptoms on each seedling were observed after 30 days.
Root and cotyledon disease symptoms were graded along
a four-point disease severity scale: 0 = no symptoms,
1 =<10% ﬁbrous root browning with the over ground part
having no symptoms and with slight cotyledon wilt, 2 = tap-
root browning or 11–50% ﬁbrous root browning with heavier
cotyledon wilt, 3 =>50% taproot browning with wilt of the
entire cotyledon, and 4 = browning of most of the taproot
browing, plant emergence death, and damping-off. The disease
severity index (DSI) was calculated as
P
(disease severity scale
points · number of plants at each scale point)/(total number of
seeds surveyed · disease severity scale of the highest scale point
observed) · 100. Analysis of variance (ANOVA) was con-
ducted on the DSI data to determine the overall effects of
the 13 strains and the interactions between the hosts and
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Figure 2 UPGMA cluster analysis showing differentiation among 28 Fusarium strains based on proﬁles created by using 6 primers.
Table 2 Disease severity indices for cucumber, muskmelon,
and watermelon seedlings artiﬁcially inoculated with F. oxy-
sporum strains isolated from soil.
Strains Disease severity index
Cucumber Muskmelon Watermelon
LZ070103 11.67bc 45.37a 27.69abcd
LZ070105 7.50c 37.09ab 23.52cd
SQ070102 16.67bc 33.50ab 38.33abcd
YH070502 13.33bc 31.82ab 49.72a
DL070009 11.67bc 29.81ab 29.91abcd
HC070304 8.33c 29.74ab 48.24ab
YH070403 33.33a 28.61ab 35.46abcd
HC071303 18.41bc 28.24ab 42.50abc
BZ070001 17.50bc 25.46abc 48.90ab
DL070105 12.50bc 23.64abc 48.33ab
SQ070204 21.76b 22.50abc 27.50abcd
SQ070110 13.33bc 22.22bc 30.00abcd
SQ070203 20.83b 20.83bc 25.28bcd
Mean 9.94 29.14 36.57
CK 6.83c 4.33c 15.83d
a–c Values followed by the same letter are not signiﬁcantly differ-
ent. P< 0.01, according to Duncan‘s multiple range test.
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using Duncan’s multiple range test (P< 0.01).
3. Results
3.1. UP-PCR analysis
Six universal primers were used to assess the phylogeny of the
obtained Fusarium strains. A total of 73 bands appeared after
ampliﬁcation using the 6 primers, and 66 of these bands
(90.4%) were polymorphic (Fig. 1). The bands of most strains
have common characteristic. The main bands obtained on UP-
PCR for 14 F. oxysporum strains were similar. However, they
were certain differences.
On the basis of the UP-PCR proﬁles, the strains were
divided into eight groups (G1–G8) (Fig. 2). Within each group,
the strains had similar or nearly identical proﬁles. G1 con-
tained F. culmorum. G2 and G3 contained F. pseudonygamai,
F. fujikuroi, F. verticillioides and F. proliferatum. The above
mentioned 14 F. oxysporum strains were clustered into one
group (G5), all of which can be divided into four sub-branches,
the geographic location of these strains and UP-PCR pattern
have no correlation.
3.2. Pathogenicity test
Thirty days after inoculation, lesions appeared on both leaves
and roots, and the infected plants became dark brown and
necrotic. With the growth of disease, the roots became semi-
transparent, shrunken, water-soaked, and were disintegrated
ﬁnally.
The DSI values of watermelon, muskmelon and cucumber
were 36.57, 29.14 and 9.94, respectively. in cucumber (Table 2).Generally, watermelon was more susceptible than muskmelon
and cucumber to all of the investigated strains, followed by
muskmelon.
4. Discussion
In this study, the phylogeny of Fusarium spp. and the pathoge-
nicity of F. oxysporum isolated from soil samples were ana-
lyzed. The results show the genetic diversities in soil-borne
378 B. Zhao et al.Fusarium spp. from different soils in Liaoning Province. They
show the genetic similarities and differences among the tested
Fusarium spp. In G2 and G3, strains TL070007, TL070003,
SQ070223, XM060107, HC070001, and FK070205 are the
key members of Section Liseloa of Fusarium. In the PCR pro-
ﬁles by some primers, some of the same bands were found to
exist in these strains, and they seem to be separated by short
distances in the cluster G2 and G3. The results conﬁrmed a
genetic relationship among them. However, TL070007 and
TL070003 are both representatives of F. proliferatum, and their
proﬁles are nearly identical. In addition, according to the UP-
PCR results, all the F. oxysporum strains had similar banding
proﬁles and could be clearly distinguished from other tested
Fusarium isolates. In addition, signiﬁcant genetic diversity
was found among the 14 strains of F. oxysporum. Thus, the
results indicate that both intra- and interspeciﬁc differences
were signiﬁcant by UP-PCR analysis. However, genetic diver-
sity and geographical location had no obvious correlation for
the F. oxysporum strains. This is in contrast to a correlation
observed between the Random ampliﬁed polymorphic DNA
(RAPD) pattern and geographic location in a previous study
(Assigbetse et al., 1994). However, a lack of correlation
between the RAPD pattern and geographic location was
reported for F. oxysporum f. sp. lycopersici and f. sp. pisi
(Suleman et al., 1994; Pomazi et al., 1994).
Our UP-PCR results indicated that F. oxysporum is distin-
guishable from other species of Fusarium. This conclusion is
based on the observation of rare bands in F. oxysporum but
not in the other Fusarium species tested. The UP-PCR methods
are less time-consuming and more compatible with broad
applications in ecological studies than methods based on
sequencing. Moreover, UP-PCR is suitable for categorizing
groups of closely related strains at the population level. In a
previous study, the phylogenetic relationship of F. langsethiae,
F. poae, and F. sporotrichioides was investigated using ITS,
IGS, b-tubulin sequences and UP-PCR hybridization analysis
(Yli-Mattila et al., 2004). In the present study, the differences
among the F. oxysporum strains indicate that their physiolog-
ical differentiation may be complex. Moreover the causes of
the differences may be related to differences in plant formae,
planted crops, environmental factors, soil types, and growth
region.
F. oxysporum was the predominant Fusarium spp. isolated
from greenhouse soils in every region in our survey. Our path-
ogenicity test results showed that all of the F. oxysporum
strains evaluated were pathogenic to cucumber, muskmelon,
and watermelon seedlings. And all the testing F. oxysporum
have strong pathogenicity. Previous reports on the occurrence
and pathogenicity of Fusarium spp. were only based on Fusar-
ium samples which were isolated from infected plants
(Stankovic et al., 2007; Dissanayake et al., 2009; Peters
et al., 2008). However, in this study, all F. oxysporum isolates
obtained from soil were found to be capable of causing disease
symptoms in the host plant.
Pathogenicity for the F. oxysporum strains was investigated
in the host plants at the seedling stage. Factors affecting
pathogenicity were complex and may include growth stage,
plant variety, inoculation method, culture temperature, and
inoculation quantity. Thus, research on these factors should
be undertaken. An accurate description of the pathogenicity
of F. oxysporum may then be derived from the obtained
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